Abstract -This paper discusses the findings of a research project which explored the packaging waste management system in Latvia. The paper focuses on identifying how the policy mechanisms can promote ecodesign implementation and material efficiency improvement and therefore reduce the rate of packaging waste accumulation in landfill. The method used for analyzing the packaging waste management policies is system dynamics modeling. The main conclusion is that the existing legislative instruments can be used to create an effective policy for ecodesign implementation but substantially higher tax rates on packaging materials and waste disposal than the existing have to be applied.
I. INTRODUCTION
One of the most important environmental problems in Latvia is pollution caused by the increasing amount of waste which is annually generated and brought to landfill. Packaging waste takes constitutes a great part, about 20%, of total household waste. The amount of waste which is landfilled annually has doubled since 1998 and it continues to increase slowly in spite of the fact that the regeneration (regeneration by definition includes recycling and incineration with energy recovery) rate increased from about 18% in 1998 to 41% in 2007 [1] . Therefore, it can be clearly seen that reuse, sorting and regeneration rates of the packaging waste are insufficient.
Population surveys show that almost 90% of the population is aware of the possibility of sorting the waste, but only 50% actually take action [2] . Latvia has legislative acts which set certain regeneration targets for packaging waste but the trends of waste accumulation clearly show that the existing policies cannot reduce the incremental rate of packaging waste agglomeration in landfill in order to stop the rate at least at the existing level. Latest statistical information shows that the regeneration target was not reached in the year 2007, i.e. only 41% of packaging waste was regenerated instead of 50% which was the regeneration target [1, 3] .
To reduce the impact of packaging waste on the environment, the focus should be transferred from the solutions considering waste management at the end-of-life stage to the material or resource efficiency solutions by promotion of the ecodesign strategy -material optimization. Resource efficiency would reduce the amount of energy and materials used for packaging production therefore reducing CO 2 emissions from production processes.
The system dynamics model of the "base" scenario is created and shows the projections up to 2030 if the existing policy is implemented. To simulate the impact of the ecodesign implementation policy on the packaging system as a whole, the "eco" scenario was created. Political instruments are introduced to make improvements in the whole packaging turnover system and to solve the problem related to the increase of packaging per product unit.
The "eco" scenario is the modified model of the "base" scenario with higher rates of natural resource tax (NRT) on packaging and municipal waste disposal. Therefore, the extent to which the main policy levers, i.e. natural resource taxes, can affect generation of packaging waste in Latvia is modeled in the study.
II. RESEARCH APPROACH AND METHODS
The hypothesis of this study was that the policy mechanisms which are mentioned above can promote ecodesign implementation and material efficiency, and reduce the increment rate of packaging waste as a result.
The method used for analyzing the impact of policy on the packaging waste system in Latvia is system dynamics modeling. System dynamics is a modelling methodology, which permits an analyst to represent graphically and mathematically the interactions governing the dynamic behavior of complex socio-economic systems [4] . The purpose of a system dynamics intervention is to identify how structure and decision policies generate system behavior identified as problematic, so that structural and policy-oriented solutions can be identified and implemented [5] . The model was developed in the program Powersim Constructor which was created by the Norwegian company "Powersim Software AS". Simulations are made for the period from the year 1998 until the year 2030 to be able to imitate the historic data and to predict future development under various scenarios by considering interactions between different factors, as well as changing the values of the main waste management policy factors, i.e. rates of NRT.
The generation volume of packaging waste depends mainly on the following: a) the size of the population, b) the amount of packaging per product unit, c) product consumption per capita. Estimates of the amount of used packaging in the model are based on product consumption. Studies of historical data show that the consumption of products and also the amount of packaging per product unit has a tendency to grow.
The goal of this research is to analyze what policy would be effective and could reduce the primary resource consumption for manufacturing of the packaging. Therefore, two "eco" scenarios i.e. "eco" and "eco-2" are developed, and these scenarios differ by the extent at which rates of NRT on materials used in packaging and municipal waste disposal are changed relative to the "base" scenario but the structure of the "base" scenario model is preserved.
Key indicators of the packaging system, which are analyzed in the work and are compared in the studied scenarios, are the following: a) Amount of the generated packaging waste, b) Proportion of the population which is sorting waste, c) Fraction of the regenerated packaging waste, d) Amount of landfilled waste or landfill filling extent, e) Impact of the packaging materials on the environment. A hypothesis which is put forward about system variables and their possible changes due to the increase of NRT rates, and which should be approved in the "eco" scenarios includes the following: a) Quantity of the generated packaging waste will decrease, b) Proportion of the population which is sorting the waste will increase, c) Proportion of the regenerated waste packaging will grow, d) Amount of the annually landfilled waste and landfill filling rate will decrease, e) Consequently, the environmental impact of packaging materials will decrease. It is assumed in the models that the factors which will force NRT rates to go up will increase the amount of the generated waste and growth of the extent of using up landfill capacity. Thus, the NRT rate for packaging materials has been changed in proportion to the amount of generated waste and the NRT rate for municipal waste disposal has been changed in proportion to the landfill filling ratio (the ratio of landfilled waste to the capacity of landfill) in all scenarios. In the "eco" scenario, both NRT rates are changed as follows:
1. NRT rates for packaging materials are increased by a factor of 1.5 relative to the rates in the "base" scenario starting from the year 2011 (existing legislation sets NRT rates only for the period up to 2010). 2. NRT rate for municipal waste disposal is increased by a factor of 1.5 relative to the rates in the "base" scenario starting from 2013 (the existing legislation sets NRT rates only for the period up to 2012). Currently, the NRT rates are the following: a) For packaging it is determined depending on the type of material, but the weighted average rate considering proportions of various materials is 0.26 LVL/kg in year 2010 [6] , b) For municipal waste disposal it is 3.00 LVL/t in year 2010 [6] . When using the above model assumptions, the NRT rate for packaging in 2030 reaches 0.42 LVL/kg in the "base" scenario, but in the "eco" scenario -the value which is by 29% higher than in the "base" scenario, i.e. 0.54 LVL/kg.
The NRT rate for municipal waste disposal in 2030 reaches circa 13 LVL/t in the "base" scenario, but in the "eco" scenario -16 LVL/t.
Results of the "base" and "eco" scenarios are analyzed to determine if the pace of growth of NRT rates which are used in the model are sufficiently strong legislative instrument in order to affect the amount of annually generated and landfilled packaging waste. Therefore, results of the "base" and "eco" scenarios are compared graphically to see how the key elements change the system's behavior and whether the simulation results allow to confirm the above stated hypothesis. It is important to note that the packaging system is a complex system and the variables are interrelated and contain feedback loops, i.e. changes of NRT rates affect various factors directly or indirectly affecting further outlined key system variables which in turn, have an influence on pace of growth of the NRT rates.
III. RESULTS
The analysis below show and describe how the key elements of the packaging system change in the "base" and "eco" scenarios.
A. Amount of the generated packaging waste
The amounts of the packaging waste generated annually in the "base" and "eco" scenarios are shown in Figure 1 . Fig. 1 . Amounts of the generated packaging waste in the "base" and "eco" scenarios.
As demonstrated in the graph, during the period from 1998 to 2010 the amount of generated packaging waste is the same in both scenarios because this period reflects the historic situation in Latvia and the NRT rates are equal for both scenarios in the year 2010. Starting from 2011, the values in both scenarios are different since NRT rates increase at a different pace, and the "eco" scenario shows significantly slower growth of the amount of generated waste as the "base" scenario ( Fig. 1 ) reaching the value which is by 15% lower than for the "base" scenario in the year 2030 (approximately 415 thsd. t and 358 thsd. t respectively). The growth rate of packaging waste in the "eco" scenario is slower than in the "base" scenario because the amount of packaging material per product unit is growing slower in the "eco" scenario than in the "base" scenario. This is explained by the fact that due to the faster growth of the NRT rate for packaging in the "eco" scenario, the price of raw materials for the packaging is rising faster and therefore a demand for the materials is increasing slower (albeit the demand still continues to increase following the current trend) than in the "base" scenario. It is cost effective for manufacturers in the "eco" scenario to reduce the amount of packaging materials used per product unit relative to the "base" scenario and this reduction can be achieved by implementing the product ecodesign. In the "eco" scenario the amount of packaging material is 0.17 kg per 1 kg of the packed product in 2030, which is 15% less than in the "base" case scenario and 6% less than the European average in 2009 [7] .
The hypothesis about decreasing packaging waste in the "eco" scenario is therefore confirmed by the model.
B. Proportion of the population which is sorting waste
The model assumes that if the rate of NRT for municipal waste disposal increases, the average costs of waste collection also increase, and this in turn should increase the fee of waste collection and the costs of the waste collection per capita, as well as motivate more people to engage in waste sorting. However, Figure 2 shows that in the "eco" scenario, the fraction of waste sorting population is basically the same as in the "base" scenario (being even slightly less in the "eco" scenario), respectively 77% and 76%, which is an unexpected result. Fig. 2 . Fractions of the population which is sorting waste in the "base"and in the "eco" scenarios.
The growth of the NRT rate for packaging reduces the amount of packaging waste generated as was discussed above. The waste collection payment per inhabitant depends not only on the waste collection fee per ton of the collected waste but also on the amount of waste generated. Therefore, the total waste collection payment per inhabitant in the "eco" scenario turns out to be lower than in the "base" scenario since the "slow-down" of the growth of the amount of generated packaging waste overruns an increase in the waste collection fee per ton of the collected waste. Namely, the NRT growth rate for municipal waste disposal is insufficient to offset the reduction of waste generation growth rate which is due to the NRT growth rate for packaging and the resulting ecodesign improvements.
A reduction in the waste sorting population is observed in the part of population which is motivated purely by economical considerations, i.e. waste collection costs, and the slower is growth of the waste collection costs the slower is the growth of number of the economically motivated sorters. The part of the population which consists of people who care about the environment and are motivated to sort waste because of the environmental impact, expressed as the landfill filling rate, is still increasing in both scenarios and is responsible for an overall increase of the sorting population fraction (Fig. 2) .
Therefore, the hypothesis that a more rapid increase of NRT rates for packaging materials and municipal waste disposal in the "eco" scenario should lead to the faster growth of the sorting population fraction is not confirmed under the assumed NRT growth rates. A possible solution would be a more intensive increase of the NRT for municipal waste disposal.
C. Proportion of the regenerated packaging waste
The proportion of the regenerated packaging waste in the "base" and "eco" scenarios as well as with the regeneration target trendline are compared in Figure 3 . Fig. 3 . Proportion of the regenerated packaging waste in the "base" and "eco" scenarios in comparison with the regeneration target.
As the graph shows, in both scenarios, the percentage of regenerated packaging waste is practically the same -in the "base" scenario almost 79% of the packaging waste is regenerated in the year 2030 and in the "eco" scenario this figure is slightly larger, i.e. 80% of the total packaging waste. Over the period of 2010-2017, the actual packaging waste regeneration levels are slightly below the projected regeneration targets. The simulation results show that the regeneration target in Latvia could be reached around 2017 in the "base" scenario, while in the "eco" scenario it could be around the year 2012. Over the period of 2020-2030, the actual regeneration rate may even exceed the regeneration targets if these targets are not changed substantially and will follow the existing trendline of increase.
When comparing amounts of the regenerated packaging waste in 2030, it follows from calculations that approximately 330 thsd. t/year will be regenerated in the "base" scenario, and about 288 thsd. t/year in the "eco" scenario, since a lesser amount of the packaging waste is generated in the "eco" scenario.
The difference between proportions of the regenerated waste in the "base" and "eco" scenarios (Fig. 3) do not allow to firmly confirm the hypothesis about the increasing proportion of regenerated waste packaging in the "eco" scenario relative to the "base" scenario. However, while in the "eco" scenario the waste sorting population is slightly reduced relative to the figure in the "base" scenario and the total amount of the waste which is sorted out of the packaging waste stream is of a lower volume, the regeneration percentage is growing, because the incentive to recycle the waste which is being sorted out is created by a growth in the average market price of raw materials.
D. Amount of the annually landfilled waste and the landfill filling rate
The results of modeling the amount of annually landfilled packaging waste are shown in Figure 4 . Fig. 4 . Amount of the landfilled packaging waste in the "base" and "eco"scenarios.
In Figure 4 the modeling results show that the amount of packaging waste which is landfilled annually is decreasing during the period of 2010-2030. A similar trend is observed in both the "base" and the "eco" scenarios, with about 6% less packaging waste landfilled in the "eco" scenario in the year 2030.
The filling rates of the municipal waste landfill in the "base" and "eco" scenarios are shown in Figure 5 .
Since the rate at which packaging waste is landfilled every year remains above zero (Fig. 4) , the waste continues to pile up in the landfill sites (Fig. 5 ). In the "base" scenario, the rate of landfill filling is growing slightly faster than the "eco" scenario, reaching 88% of the accumulation capacity in year 2030.
The growth rate of landfill filling becomes slightly slower around the year 2020 but it still remains sufficiently fast and it could be anticipated that the capacity limit of the landfill could be reached soon after the year 2030. It was assumed in the model that during the year 1998 the fraction of filled landfill capacity is zero, and the calculations show how the actual remaining landfill capacity is occupied by the waste during the studied period. Despite the fact that in the "eco" scenario less packaging waste is generated, the amount which is landfilled is almost the same as in the "base" scenario (in the year 2030 about 80 thousand tons of the packaging waste will be landfilled annually in the "base" scenario and around 75 thousand tonnes in the "eco" scenario).
Therefore, the hypothesis that the amount of landfilled waste and landfill filling rate will decrease when increasing the NRT rate for packaging and for the municipal waste disposal is approved, but the difference between reduction of landfill filling rate in the "base" and "eco" scenarios is small. The increase of NRT rates reduce the total amount of generated packaging waste, but it also reduces a proportion of the waste sorting population in the "eco" scenario comparing to the "base" scenario as was discussed previously. The reduction of the sorting population reduces the amount of annually sorted packaging waste and therefore increasing the remaining fraction of un-sorted amount of the packaging waste which goes to landfill relative to the situation which would have been if the fraction of the sorting population would increase instead.
E. Environmental impact of packaging materials
When the amount of the packaging waste is increasing, the environmental impact caused by the packaging materials also increases. There are two solutions to reduce environmental impact -the first solution is to use less packaging, but this trend can be changed only over a long period of time. Another solution that can be implemented faster is to change the packaging material composition by increasing the proportion of materials that cause less environmental impact.
One of the ecodesign principles is to select those materials that have the smallest environmental impact throughout their life cycle, if possible. Material impact on the environment of the production, construction, transportation and end-of-life stages can be characterized by a quantitative environmental impact analysis method such as the "Eco-indicator 99" method developed for ecodesign purposes [8] . This method is used in the calculations to identify the environmental impact when using different packaging materials.
Impact on the environment from materials is described by ecoindicator points (Pt). The ecoindicator points allow to make a relative comparison between the environmental impact among various product design solutions, materials and processes. The scale is chosen so that 1 Pt would reflect an average impact on the environment by one inhabitant of Europe per year [8] . Figure 6 compares the total impact of all packaging materials on the environment in the "base" and "eco" scenarios. Fig. 6 . Ecoindicators of packaging materials in the "base" and "eco" scenarios.
The impact on the environment of packaging materials is about 15% less in the "eco" scenario than in the "base" scenario during the period from 2015 to 2030. Therefore, the previously proposed hypothesis that the environmental impact in the "eco" scenario should be lower than in the "base" scenario is correct. Ecoindicators of the environmental impact of packaging materials are calculated by using the data on generated and regenerated amounts of packaging materials obtained from the model. Regeneration percentages in both scenarios are similar, but the "eco" scenario generates less packaging, which provides a reduction in the total environmental impact of the packaging materials.
The possible changes in the composition of the waste containing such materials as glass, paper, plastic, wood and metal are not modeled and there is no analysis how the substitution of one material with another could change the environmental impact. However, the effect of the growth of NRT rates for packaging materials in the scenarios show that the tax changes have a major impact on the generated amount of packaging waste. Higher rates of NRT corresponding to the environmental impact caused by materials would motivate producers and retailers to implement ecodesign and use materials which are less harmful for the environment whenever possible, as well as increase the use of recycled materials and reduce the amount of packaging materials per product unit.
F. Changes required for development of effective policy
The previously described analysis of both scenarios shows that in the case of the "eco" scenario, three of the five hypotheses were confirmed. In the "eco" scenario, the expected result is not achieved regarding the growth of the proportion of the population engaged in the packaging waste sorting. The effective implementation of ecodesign policy, however, should help in achieving the desired result for this system's variable as well, and therefore the "eco-2" scenario was created in addition to the two scenarios described previously.
The rate of NRT for municipal waste disposal was increased to an even greater extent than in the "eco" scenario in order to achieve an increase in the proportion of sorting population. Namely, in the "eco-2" scenario, the NRT rate for municipal waste disposal is increased 5 times faster than in the "eco" scenario, starting from the year 2013. The values of the rate of NRT in the "eco-2" scenario are almost four times larger in 2030 compared to the rate in the "base" scenario, i.e. reaching approximately 50 LVL/t in the "eco-2" scenario. Figure 7 shows the fraction of the population engaged in packaging waste in all three scenarios. In the "eco-2" scenario the proportion of the sorting population reaches 78% which is by 1% more than in the "base" scenario. When the proportion of the waste sorting population increases relative to the "eco" scenario, a more profound reduction of the amount of waste being disposed in landfills annually can be achieved (see Fig. 8 ). As the graph in Figure 8 shows, in the "eco-2" scenario in year 2030 the amount of landfilled packaging waste is 29% less than in the "base" scenario and 22% less than in the "eco" scenario. The landfill filling rates in the "eco-2" scenario are shown in Figure 9 . Figure 9 shows that after the year 2020 the growth rate of landfill filling in the "eco-2" scenario slows down more noticeable than in the "eco" scenario, and the filling level of landfills in 2030 is 83% which is by approximately 5% less than in the "base" and "eco" scenarios. The slower growth of landfill filling rate in the "eco-2" scenario can be explained by the higher proportion of the sorting population and lower rates of waste generation, than in the "base" and "eco-2" scenarios, which is shown in Figure 10 . Increase of the NRT rate for packaging rate by 29% by the year 2030 in the "eco" scenario caused a reduction in the amount of packaging per product unit by 15% in comparison with the "base" scenario, but when the NRT rate was increased by 100% in the year 2030 in the "eco-2" scenario comparing to the "base" scenario, the amount of packaging per product unit is decreased by 25%, compared with the "base" scenario. Therefore, it can be concluded that, if the rate of NRT for packaging grows faster, proportionally less effect is achieved -in the "eco" scenario the effect, expressed as the ratio between achieved relative reduction of the packaging per product unit and the relative increase of the NRT rate for the packaging material, is two times higher than in the "eco-2" scenario. In the "eco-2" scenario the NRT rate for packaging in 2030 reaches 0,84 LVL/kg, which is 2 times higher than in the same year for the "base" scenario and 3.2 times higher than the weighted average rate in 2010, i.e. 0.26 LVL/kg.
In the "eco-2" scenario, decrease of the growth rate of packaging per product unit allows to achieve stabilization of the yearly generated amount of packaging waste at the level of 2011, i.e. 320 thsd. tons per year in the year 2030, as can be seen from Figure 10 . Figure 10 also shows that the volume of the generated packaging waste even slightly decreases over the period of 2010 -2025.
Results of the "eco-2" scenario show that the NRT rate for packaging can affect the packaging waste system of Latvia and it is possible to influence the growth rate of the amount of packaging per product unit, but this can be achieved if the tax increase is at least two times faster than in the "base" scenario.
IV. CONCLUSIONS
The main conclusions which could be made based on the results of research are the following: 1. If the natural resource taxes on the materials used in packaging and on the disposed municipal waste are used as a policy instruments, and the growth of those factors is affected by the amount of annually generated packaging waste and the extent of landfill filling in the model, the yearly amounts of generated and landfilled waste can be decreased. The taxes increase the cost of packaging materials for producers and the fee for waste collection for inhabitants, thereby reducing the growth rate of waste volume by circa 33% and increasing waste sorting population from approximately 40% to 77% in the year 2010 relative to the year 2030 for the "base" or reference scenario. In the time period of 2010 -2030, an annual amount of landfilled packaging waste decreases by 50% in the "base" scenario but nevertheless, 88% of the available existing landfill capacity will be filled up until 2030 even with reduced rate of the filling. 2. Changes which are achieved by year 2030 in the "eco" scenario case relative to the "base" scenario are as follow:
a) The annual amount of generated packaging waste is reduced by 14%,
b) The annual amount of landfilled waste is reduced by 6%, c) Impact of packaging materials on environment is reduced approximately by 15%. 3. The hypothesis that by increasing the rate of NRT more substantially, the proportion of the waste sorting population will increase, compared with the "base" scenario, is not confirmed in the "eco" scenario. In the "eco" scenario proportion of the waste sorting population is even slightly less than in the "base" scenario. In this case, system dynamics model shows that the result may be unexpected, due to existing interrelations between elements of the system and feedback loops. In the "eco" scenario the growth rate of NRT for municipal waste disposal is insufficient to offset the reduction of the waste generation growth rate which reduces a motivation for the sorting. 4. The NRT for packaging materials can affect the packaging system of Latvia and it is possible to effectively influence the growth rate of the packaging per product unit, but this can be achieved if two times faster tax increase than in the "base" scenario is provided. In the "eco-2" scenario the achieved level of packaging per product unit provides that the packaging waste generated in 2030 remains at the level of 2011 (320 thsd. t/year). 5. Raising the NRT rates for packaging and for municipal waste disposal by even larger extent than in the "eco" scenario in the "eco-2" scenario, ensures that the landfilled amount of packaging waste is by 29% lower than in the "base" scenario and by 22% lower than in the "eco" scenario in year 2030. 6. The existing legislative instruments can be used to create an effective policy for ecodesign implementation and stop waste accumulation in landfills, but both NRT rates, i.e. for the packaging materials and the waste disposal should be even higher than in the "eco-2" scenario.
